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(57) ABSTRACT

The present invention relates to a scanning miCroscope using
an I/Q-terferometer. The scanning microscope ncludes an
I/Q-1nterferometer which demodulates the phase change and
amplitude change induced on the probe beam to provide the I-
and Q-signals, an XY scanner, a scanner driver, a precision
motion stage controlling the displacement of the sample
along the direction parallel to the direction of the probe beam,
a motion stage driver, a focusing/collimating device, and a
computer. The computer transfers control commands to the
scanner driver for scanmng the XY scanner, receives I- and
Q-signal provided from the I/Q-1nterferometer, processes the
I- and QQ-si1gnal to obtain the corresponding phase and ampli-
tude values at each scanning point, calculates error signal for
maintaining constant phase during the scanming, and transfers
commands to the motion stage driver for the precision motion
stage to compensate for phase changes caused by surface
morphology during the scanning.

The scanning microscope performs a multilayer scanning or
a constant phase scanning to extract information for the sur-
face or mside of the sample.

6 Claims, 6 Drawing Sheets
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SCANNING MICROSCOPE USING AN
VQ-INTERFEROMETER

FIELD OF THE INVENTION

The present invention relates to a scanning microscope
using an I/Q-1nterferometer, and more particularly, to a scan-

ning microscope which 1s capable of obtaining and analyzing,
physical and material information for a surface or 1nside of a
sample by applying either a constant phase scanning method
or a multilayer scanning method to a scanning I/Q-1nterfer-
ometer.

DESCRIPTION OF THE RELATED ART

An interferometric measuring system is a system that com-
bines a probe beam and a reference beam by using a beam
splitter (BS) and measures the intensities of two output beams
from the corresponding output ports of the BS by using two
separate photodetectors. From now on, the output electric
signal from each photodetector will be referred to as an elec-
trical signal. When the probe beam and the reference beam
have the same frequency, the system 1s referred to as a homo-
dyne interferometer and the system i1s referred as a hetero-
dyne interferometer when the frequencies of the probe beam
and the reference beam are different.

In the case of a homodyne interferometer, the intensities of
the output beams from the BS vary corresponding to the phase
difference between the probe beam and the reference beam.
Since the mtensity must be conserved, 1f a constructive inter-
ference occurs 1n one of the two output beams, then a destruc-
tive interference must occur 1n the other beam. Output signals
from the BS are 180 degrees out of phase and therefore, when
the two electrical signals are subtracted by a differential
amplifier, correlated noises on the respective electrical sig-
nals are rejected and the interference signals are doubled,
thereby increasing the signal to noise ratio. This measuring,
technique 1s called as a balanced detection method. The out-
put signal from the differential amplifier 1s expressed by the
mathematical equation 1

“’d@ﬁ‘:R\/ IV oecos(Py+D,,,),

where I_and I, , represent, respectively, the intensities of the
probe beam and reference beam, and ¢, represent a phase
value induced 1n the probe beam due to geometrical structure
and/or refractive index of a sample and ¢, represent the phase
difference due to the different optical paths of the probe beam
and the reference beam in the interferometer.

A scanning microscope using a conventional interferom-
cter optimally measures a varnation of the induced phase
resulted from the structural change of a sample during the
scanning process and therefrom obtain an 1image of the topo-
graphical structure of the surface or inside structure of the
sample. Therefore, 1t 1s necessary to optimally measure ¢,
while scanning the sample or the probe beam. Since the
magnitude of ¢__ 1s very small in most cases, the mathematical
equation 1 can be rewritten as the mathematical equation 2, 1f
the path length difference between the probe beam and the
reference beam 1s kept at constant value by using a feedback
control so that ¢, 1s always n(2n+1)/2, whereinn=0, 1, 2, . . ..

wd@ﬁ‘:RJI_SV ILGSiH (I)m_l_ IS; E(Ijm

Therefore, a magnitude of an interference signal 1s propor-
tional to ¢, and 1t 1s thus possible to map the local phase
variations of the sample through scanning. However, when
the intensity and phase of the probe beam vary at the same
time, 1.e. 1n the case that geometrical structure and material of

[Mathematical Equation 1]

[Mathematical Equation 2]
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2

the surface are changed at the same time, it 1s clear from
mathematical equation 2 that these changes cannot be 1den-
tified. This idistinguishability 1s a major drawback of the
scanning microscope using a conventional interferometer and
puts limitations on applications of the microscopy.

In the case of the heterodyne interferometer, the output
clectrical signal from the balanced detector can be repre-
sented by mathematical equation 3,

V45~ RVIV [ oeos(Awt+@ o+ D,,),

where Am represents the frequency difference between the
probe beam and the reference beam. In other words, the
interference signal 1s a heterodyne beat signal between the
probe and the reference beam. Since the signal frequency 1s in
RF or microwave band, typical RF signal processing tech-
nique can be used to measure phase change or amplitude
change 1nduced on the probe beam.

Various interferometer schemes which can simultaneously
measure the phase change and the amplitude change induced
on the probe beam have been developed by the present inven-
tors’ team. They showed that a homodyne I/Q interferometer
consists of two 1dentical interferometers i which two refer-
ence beams propagating along the identical path but have 90°
phase difference, which can be constructed by manipulating
the state of polarization, and thereby making the resulting
interference signals from these two interferometers 90
degrees out of phase. Therefore, 1f the output signal from one
interferometer 1s represented by the mathematical equation 4,

|Mathematical Equation 4]
Ur =

R
EW‘] Vi cos(@y +D,)

then the output signal from the other interferometer 1s repre-
sented by the mathematical equation 5.

R . athematical Equation 5
Vg = E\/fﬂ Vo sin(® +D,,) M ! |

The signals given by mathematical equations 4 and 5 are
referred to as the in-phase signal and quadrature-phase signal
or, stmply, I-signal and -signal, respectively. The phase
difference between the probe beam and the reference 1s given
by mathematical equation 6,

®, + D, = tan [Mathematical Equation 6]

and the amplitude of the probe beam can be given by math-
ematical equation 7.

VI DN/IL-::}:VVIEH’QE [Mathematical Equation 7]

Therefore, the phase and the amplitude changes induced on
the probe beam can be measured simultaneously by using the
I/Q-1nterferometer. It should be emphasized from the math-
ematical equation 6, that the value given 1in mathematical
equation 6 1s an absolute phase value. Therefore, 1t does not
require any calibration process to convert measured electrical
signal to the corresponding phase value, which 1s another
significant advantage of using an I/Q-interferometer for scan-
ning microscopy, because conventional interferometers
require a rigorous calibration processes. Details of the homo-
dyne I/Q-interferometer and the scanning surface microscope
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are disclosed 1n reference document 1 (Heseong Jeong, Jong-
Ho1 Kim, and Kyuman Cho, “Complete mapping of complex
reflection coetlicient of a surface using a scanmng homodyne

multiport interferometer.”, Optics communication, Vol. 204,

pp. 45-52 (2002)). In this paper, the authors have shown that
the homodyne I/Q-interferometer can be used for analyzing
the structural and material properties of a sample under test.

The phase and amplitude of the probe beam retlected from the
surface were measured by using the homodyne I/Q-1nterfer-
ometer and the complete maps of the local phase values and
amplitude values are obtained by scanning the sample, where,
by processing the data, material and structural defects can be
identified. FIG. 6 1s an experimental arrangement of a Mul-
tiport coherent optical detector which 1s disclosed 1n the ref-
erence document 1. In the FIG. 6, a homodyne I/Q-1nterfer-
ometer 1s disclosed. In the FIG. 6, Ol means an optical
1solator, BS means a beam splitter, DA means a differential
amplifier, A/D means an Analog-to-digital converter, SM
means a stepping motor, M means a mirror and PC means a
personal computer.

The homodyne I/Q-interferometer requires a more compli-
cated optical arrangement than that of the conventional
homodyne interferometer; it consists of three polarizing
beam splitters and four photodetectors. Therefore, the correct
operation of the interferometer requires a very difficult and
precise alignment process. A new heterodyne interferometer
scheme, which can simultaneously measure the phase and
amplitude change 1n the probe beam, has been proposed by
the present inventors’ team. The phase and amplitude changes
carried by the heterodyne beat signal were demodulated by
using an I/Q-demodulation technique, which 1s a standard
demodulation technique 1n RF communications. Since the
I/Q-demodulation 1s performed in the RF domain, the same
optical arrangement as that of a conventional heterodyne
interferometer can be used, which 1s much simpler than that
of the homodyne I/Q-interferometer. The heterodyne 1/Q)-
interferometer scheme has been used for a high sensitivity
displacement sensor application, and the result 1s disclosed 1n
reference document 2 (Joon Moon, Heseong Jeong, and
Kyuman Cho, “A novel, hybrid sensor for a precision, wide
dynamic range measurement of displacement sensor using a
heterodyne I/Q interferometer scheme”, Proceedings of the
10” Conference on Optoelectronics and Optical Communi-
cations, Vol 10, 685 (2003)).

As described above, the scanning microscope using the
I/Q-1nterferometer can simultaneously map the local phase
and amplitude variations induced 1n the probe beam reflected
from the surface or inside of the sample or transmitted
through the sample. However, since there are various reasons
which result in both the amplitude and the phase change
during the scanning procedure, it 1s difficult to obtain the true
structure of the sample under test. For example, while the
probe beam 1s scanning from one position to the other, say the
position 1 and 2, respectively, 1f there 1s a depth change and
the focus of the probe beam 1s located at the position 1, then
both the phase and amplitude change simultaneously. The
phase and the amplitude are also subjected to change it there
1s a material inhomogeneity between the position 1 and 2. The
former and the latter cases cannot be distinguished 1n an
archetypal scanning arrangement.

The present invention suggests new scanning methods in
the scanning I/Q-1nterferometric microscope utilizing a con-
stant phase scanning method or multi-layer scanning method
which can provide more precise information about the true
structure and/or material mhomogeneity of the surface or
inside of the sample under test.
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Throughout this application, several patents and publica-
tions are referenced and citations are provided 1in parentheses.
The disclosure of these patents and publications 1s incorpo-
rated into this application in order to more fully describe this
invention and the state of the art to which this invention
pertains.

DETAILED DESCRIPTION OF THIS INVENTION

Therefore, an object of the present invention 1s to provide a
scanning microscope which 1s capable of measuring true
phase and amplitude vanations induced on the probe beam
transmitted through or reflected from a sample by applying
multilayer or constant phase scanning methods to an 1/Q)
interferometer.

To achieve the above and other objects, a scanning micro-
scope according to an aspect of the present mmvention
includes: an I/Q-interferometer, from which a probe beam 1s
coupled out, to which a reflected beam from a surface or
transmitted beam through a sample 1s coupled back, 1n which
I/QQ-demodulation on interference signals are performed, and
by which I- and Q-signals are obtained; an XY scanner scan-
ning the sample 1n two directions perpendicular to a propa-
gation direction of the probe beam; a scanner driver actuating
the XY scanner; a precision motion stage controlling the
displacement of the sample along the direction parallel to the
direction of the probe beam; a motion stage driver actuating
the precision motion stage; a focusing device focusing the
probe beam from the I/QQ interferometer onto a surface or
inside of the sample; a collimating device collimating the
probe beam reflected from or transmitted through the sample;
and a computer transierring control commands to the scanner
driver for moving XY scanner {from one scanning point to the
next scanning point in a direction perpendicular to the propa-
gation direction of the probe beam, recerving, storing, and
processing the I- and Q-signals, demodulating phase and
amplitude changes induced on the probe beam. The computer
measures phase change in each scanning point, calculates an
error signal for a feedback control for a constant phase scan-
ning, transiers commands to the motion stage driver for the
precision motion stage to compensate for height changes
during the constant phase scanning, obtains true morphology
of the sample from the error signal, and obtains a map of
material mhomogeneity from amplitude measurements.

The scanning microscope 1s operated in either the back
reflection geometry or the transmission geometry. In the back
reflection geometry, the probe beam 1s focused onto a sample
by using a focusing device, which may be a single focusing
lens or set of lenses such as a microscope objective lens, and
the retlected probe beam from the sample 1s recollimated by
the same focusing device. In the transmission arrangement,
the probe beam 1s focused to the sample by using a focusing
device and the transmitted probe beam from the sample 1s
collimated by using a collimating device. The collimated
probe beam 1s then sent back to the interferometer by use of at
least one folding mirror.

A scanning microscope according to an aspect of the
present invention can be operated 1n either the constant phase
scanning method or the multilayer scanning method. The
constant phase scanning method can be applied for a back
reflection geometry 1n which, while the sample 1s scanning in
the XY-direction, the probe beam 1s focused onto the surface
of a sample and the phase and amplitude changes of the
reflected beam are measured, while the multilayer scanning
method can be applied for both a reflection and a transmission
geometry.
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In the constant phase scanning method, while XY-scanning,
stages are scanning the surface, measured phase values are
used for acquiring the error signal for the feedback control. A
proportional-integral (PI) operation or a PI-differential (PID)
operation 1s performed 1n the computer and the error signal 1s
used for controlling the height of the surface in the Z-axis.
Since the phase of the probe beam is given by the roundtrip
distance of the probe beam, the feedback control for main-
taining constant phase keeps the location of the reflection on
the surface at the constant position while scanning the sample
in X Y-direction and, thereby, the error signal for the feedback
control 1n each scanning point represents the topography of
the surface at the scanning point. The error signals are stored
in the computer and used for imaging the topography of the
surface. Since the roundtrip path length of the probe beam 1s
kept at the constant value, 11 the focal plane 1s 1nitially located
at the surface of the sample, then the location of the focal
plane remains at the surface while scanning the surface.
Therefore, amplitude of the probe beam should not change
unless there 1s a material inhomogeneity. Therefore, true sur-
face topography and material inhomogeneity can be imaged
by using this new scanning method. It 1s a great improvement
over the conventional scanning method because, as men-
tioned earlier, amplitude of the probe beam 1s subject to
change 11 the height of the retlecting surface changes.

In the multi-layer scanning method, the sample 1s pushed
down or pulled up step by step with a prescribed step size.
Scanning measurements 1n XY-direction are performed 1n
cach step and the Z-position of the surface 1s kept at the
constant value while completing one layer XY-scanning. A
true surface morphology and material inhomogeneity can be
mapped by processing the multilayer measurement results.

According to the scanning I/Q-interferometer and scan-
ning methods described above, a true morphology and mate-
rial inhomogetneity of a surface can be imaged independently
by using the constant phase scanning method, while local
variations of the real and 1imaginary parts of complex refrac-
tive indices of the mnside of a inhomogeneous sample can be
mapped independently by using the multilayer scanming
method. Therefore, the scannming microscope operating with
cither the constant phase or the multilayer scanning arrange-
ment may be a potential high resolution microscope for quan-

titative diagnostics of compound structures such as bio and
semiconductor materials and devices.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an overall block diagram showing a scannming
microscope using an I/Q-interferometer according to the
present invention;

FI1G. 2 illustrates exemplary optical arrangement for reflec-
tion geometry.

FIG. 3 illustrates exemplary optical arrangement for trans-
mission geometry.

FIG. 4 1llustrates a conceptual view for explaining the
method of constant height scanning 1n the scanning micro-
scope according to a first embodiment of the present inven-
tion; and

FIG. 5 illustrates a conceptual view for explaining the
method of multilayer scanning 1n the scanning microscope
according to a second embodiment of the present invention.
FIG. 6 1s an experimental arrangement of a conventional
Multiport coherent optical detector.

The present mvention will now be described in further
detail by examples. It would be obvious to those skilled 1n the
art that these examples are intended to be more concretely
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illustrative and the scope of the present invention as set forth
in the appended claims 1s not limited to or by the examples.

EXAMPLES

First Embodiment

Reterence will now be made 1n detail to a first embodiment
of the present invention, examples of which are illustrated 1n
the accompanying drawings.

FIG. 1 1s an overall block diagram illustrating a scanning,
microscope according to the present invention. Referring to
FIG. 1, the scanning microscope 10 according to the present
invention 1s provided with a light source 100, an I/Q-1nterfer-
ometer 110, a probe beam mput/output device 120, a focus-
ing/collimating device 130, a precision motion stage for
Z-axi1s adjustment 140, an XY scanner 142, a computer 150,
a scanner driver 160 and a motion stage driver for Z-axis
adjustment 170. By employing the constant phase scanning or
multilayer scanning method for a scanning microscope using
an I/Q-1nterferometer, the scanning microscope 10 according
to the present invention having the aforementioned configu-
ration can measure a true morphology and material 1n homo-
genelty of a surface or variations of local optical properties of
an internal part of a sample, which cannot be obtained by
using a conventional scanning microscope scheme. Herein-
alter, components of the scanning microscope according to
the present invention will be described 1n detail.

The light source 100 provides a light beam with an arbi-
trary frequency to the I/Q interferometer. The I/Q-1nterferom-
cter 110 provides a probe beam, delivers the probe beam to a
sample, focuses the probe beam onto the surface of the
sample 1n the reflection geometry or mto the mside of the
sample 1n the transmission geometry, collimates the reflected
beam or transmitted beam, and send the collimated beam
back into the I/Q-interferometer, where the probe beam 1s
mixed with the reference beam and the interference signal 1s
converted 1nto the I- and Q-signal by using either a homodyne
or heterodyne I/Q-demodulation scheme. The XY scanner
142 scans the sample in two directions perpendicular to the
propagation direction of the probe beam. The scanner driver
160 actuates the XY scanner. The precision motion stage 140
moves the sample 1n the direction parallel to the propagation
direction of the probe beam. The motion stage driver 170
actuates the precision motion stage. The focusing device
focuses the probe beam onto the surface or inside of the
sample. The collimating device collimates the probe beam
reflected from or transmitted through the sample. The com-
puter 150 recerves and stores the digitized I- and QQ-signal,
calculates the phase and amplitude from the I- and (Q-data,
process data to extract information about the optical and/or
physical properties of the sample, and sends commands for
actuating motion stages to the corresponding drivers.

Either a homodyne or a heterodyne I/Q-interferometer
scheme can be used for the scanning microscope. In the
former case, the reference beam and the probe beam have the
same frequency, and, in the latter case, the probe beam and the
reference beam have the different frequency. In the case of
heterodyne scheme, for example, an acousto-optic modulator
can be used for generating two beams with different frequen-
cies. A Irequency stabilized, dual-polarization, dual-fre-
quency laser can also be used as a light source. A polarizing
beam splitter can be used to separate two polarization eigen-
modes. The I/Q-interferometer 110 delivers the probe beam
to the sample and mixes the returning probe beam from the
sample with the reference beam. Depending on the sample,
either the reflection geometry or the transmission geometry
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can be used. The phase and amplitude changes induced on the
probe beam can be demodulated by processing the I-signals
and Q-signals from the interferometer. In the reflection geom-
etry, phase and amplitude information can be used for acquir-
ing images of the true morphological structure and map of the
material inhomogeneity of a sample under test. In the trans-
mission geometry, local variations of the real and 1imaginary
parts of complex refractive indices can be mapped.

The probe beam input/output device 120 couples the probe
beam out of the interferometer 110 and couples the reflected
or transmitted beam from the sample back into the interfer-
ometer 110. A combination of polarizing beam splitter and a
quarter-wave plate or a 45° Faraday rotator can be used as the
probe beam input/output device 120 1n the reflection geom-
etry. In the transmission geometry, a mirror or a set of folding
mirrors can be used for redirecting the transmitted beam into
the interferometer 100.

The focusing/collimating device 130 focuses the probe
beam onto the sample ‘X’ and collimates the probe beam
reflected from or transmitted through the sample X. A single
converging lens, or a set of lenses, or a parabolic mirror can be
used as a focusing/collimating device 130. The same focusing,
device can be used as the collimating device 1n the reflection
measurement, while another focusing device must be used in
the transmission measurement.

An exemplary embodiment of the reflection geometry 1s
shown 1n FIG. 2. The probe beam 1s focused onto the surface
of the sample ‘X’ by using the focusing/collimating device
130 and the reflected beam from the surface 1s collimated by
using the same focusing device 130. The reflected beam 1s
sent back into the I/Q-interferometer where the returning
probe beam 1s mixing with the reference beam. The I- and
Q-signal Reflection geometry can be used for diagnosing the
surface of a sample under test. For example, height variations
of the surface result in the corresponding phase changes in the
probe beam while changes 1n material properties or, equiva-
lently, changes 1n reflection coetlicients induce amplitude
changes 1n the probe beam. The phase and amplitude of the
probe beam at one scanning point represent the correspond-
ing height and reflection coefficient of the surface at the
scanning point. Therefore, by using maps of the local phase
and amplitude changes, true morphology and material inho-
mogeneities of the surface can be obtained.

An exemplary embodiment of the transmission geometry
1s shown 1n F1G. 3. The probe beam 1s focused into the region
of interests in the sample ‘X’ and the transmitted beam
through the sample 1s collimated by using a collimating
device 304. A mirror or a set of mirrors can be used to redirect
the probe beam back into the I/Q-1nterferometer. Local varia-
tions of the real and imaginary parts of the complex refractive
index result in the phase and amplitude changes 1n the probe
beam. Therefore, measurements ol phase and amplitude
changes 1n the probe beam can provide imformation about
variations of complex refractive indices which 1s directly
related to material properties in the medium.

In the I/Q-interterometer, the probe beam in which the
phase and amplitude are modified by the complex properties
of the sample 1s mixed with the reference beam. I- and Q-sig-
nals can be extracted from the mixing process by using either
a proper optical arrangement (homodyne case) or a RF 1/Q)-
demodulator (heterodyne case). The I- and Q-signals are digi-
tized by using a multichannel A/D converter and stored in a
computer 150. The data can be processed 1n the computer to
obtain the corresponding phase and amplitude values.

The computer 150 can also be used for controlling the
scanner driver 160. It can give instructions to the scanner
driver 160 on the scanning speed, step size, number of scans
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in X and Y directions, delay at each scanning point, and so
forth. The scanning parameters can be stored 1n the computer
and used for calculating the absolute scanning coordinates for
plotting the data obtained by the scanning.

According to this invention, the computer 150 1s used for
calculating the error signal for the feedback control to keep
the phase of the probe beam at a constant value during the
scanning. In order to obtain the error signal, PI or PID opera-
tion on the phase signal 1s performed in the computer and the
resulting error signal 1s sent to the motion stage driver 170.
The precision motion stage moves either the sample or the
focusing/collimating device in the Z-direction to compensate
for the phase changes caused by height variations during the
scanning. Therefore, true topographical structure of the sur-
face can be imaged quantitatively by plotting error signals for
the corresponding scan positions. Moreover, since the feed-
back control keeps the surface at constant height, there 1s no
27t ambiguity in phase measurements. Indeed, since the out-
put signal from an I/Q-1nterferometer 1s periodic with a peri-
odicity m, if there 1s an abrupt phase change larger than mul-
tiple of m phase difference between two scanning points, the
true height cannot be measured. FIG. 4 1llustrates the basic
concept of the constant phase scanning method.

FIG. 4 1s a conceptual view for explaining the process for
analyzing the surface structure of the sample by applying the
constant phase scanning method to the complex function
microscope according to the present invention.

The constant phase scanning 1s a method that focuses the
probe beam 1nto a desired position on the sample and then
teedback controls the distance between the focusing device
and the sample so that the phase has always a constant value
when scanning the sample 1in the XY directions. A unevenness
of the surface having a constant phase can be found from an
error signal for the feedback control, and information with
respect to retlectivity variation given by material vanation
can be found from the amplitude signal.

For example, 1n a micro structure having a three dimen-
s1onal structure, since the error signal 1s given by the uneven-
ness of the three dimensional structure, 1t 1s possible to figu-
rate the three dimensional shape of the structure from the
error signal stored in the computer. At this time, the measured
amplitude signal should always have a constant value 1if the
structure has no variation in material. The amplitude signal 1s
varied when impurities are added to the structure and thus the
reflectivity coellicient 1s partially varied, and therefrom, 1t 1s
possible to diagnose abnormality of the structure. It 1s also
possible to figurate the three dimensional structure of the
surface from the error signal when medium consisting the
surface 1s not regular, and 1t 1s possible to quantitatively found
the heterogeneity of the material according to variation in the
magnitude signal. Therefore, 1t 1s possible to clearly diagnose
the three dimensional structure and material of the surface
through this micrometric method.

In the constant phase scanming method, the computer 150
provides an error signal with respect to the feedback control
to the micro-distance adjusting device 170 during scanning in
reference to a phase value at one position on which the focus
1s laid so that the phase of the probe beam can always maintain
a constant value. The computer can 1image a geometric three
dimensional structure with respect to the sample structure
using the error signal for the feedback control, and homoge-
neity of the medium consisting the sample can be found from
the magnitude signal. Since the focus plane of the probe beam
1s always laid on the surface of the sample during scanning the
surface of the sample, 1t 1s possible to maintain an optimal
resolution.
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Second Embodiment

In the second embodiment of the present invention, multi-
layer or multi-section scanning method 1s described. The
multilayer scanning method can be applied for imaging either
a surface or an 1nside of the sample. The basic concept of the
multilayer scanning method 1s illustrated 1n FIG. 5. No active
teedback control 1s required for this passive, layer by layer
scanning method. One exemplary embodiment of the multi-
layer scanning method 1n the reflection geometry 1s shown 1n
FIG. 5.

The computer transiers control commands to the scanner
driver for moving the XY scanner from one scanning point to
a next scanning point 1 a direction perpendicular to the
propagation direction of the probe beam, receives, stores, and
processes the I- and Q-signals, demodulates the phase and
amplitude changes induced on the probe beam, to complete
XY scanming procedure 1n one layer of the sample. After
completion of XY scanming and acquiring data for local phase
and amplitude variations 1n one layer, say the 1-th layer, the
motion stage driver pushes up or pulls down the sample by a
prescribed distance. The computer transiers commands to the
motion stage driver for the precision motion stage to move the
sample by a prescribed distance 1n a direction parallel to the
propagation direction of the probe beam, performs XY scan-
ning for the new layer of the sample, and continues aforemen-
tioned layer by layer scanning procedure up to a prescribed
number of layers.

The I/Q-1nterferometer 1s scanning over the (1+1)-th layer.
Phase and amplitude values at each scanning point are saved
in the computer. This procedure can be continued until the
number of layers reaches at the prescribe value. True mor-
phology of the surface can be 1maged by using multilayer
phase measurements. Moreover, 1f the step size 1s properly
adjusted, mw ambiguity 1 I/Q-interferometry can be avoided.
In the transmission geometry, phase and amplitude changes
are given by local variations of real and 1imaginary parts of the
complex refractive indices which represent material inhomo-
genelty of the sample.

FIG. 5 1s a conceptual diagram for explaining an operation
of the complex function microscope for the multilayer scan-
ning according to the present mnvention.

Referring to FIG. 5, i the multilayer scanning process
according to the present embodiment, the sample X 1s firstly
placed on the sample die and the sample die 15 fixed to a
location on Z axis by the up/down lift. After that, values of the
phase and the amplitude varied as the location (x, y) are
measured by the 1I/Q interferometer while scanning 1 XY
directions using the XY scanner, and stored in the computer.
Next, the up/down lift 1s transported by one step 1n z direction
to change the location of the sample die on the z axis and then
data with respect to the phase and amplitude variations are
obtained while scanning again in the XY directions. As such,
obtainment of information with respect to the phase and
amplitude vanations through the XY directional scanning
after the z directional transportation 1s repeatedly carried out,
thereby carrying out the scanning with respect to various
layers. At this time, a transportation interval and a transpor-
tation number may be manually set according to the sample or
may be set by an automatic setting function that controls the
interval and number through a software while comparing the
scanning results on a per layer basis.

The computer recerves and stores the signals of the phase
and amplitude variations derived 1n the probe beam from the
I/QQ mterferometer while scanning the sample on a per layer
basis. And, it 1s possible to obtain a map of partial phase
variation and amplitude variation with respect to correspond-
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ing layer from the stored scanning results on a per layer basis,
and 1t 1s possible to quantitatively analyze a three dimensional
geometric structure and a material distribution of the sample
X by synthesizing the scanning results with respect to various
layers.

By applying the multilayer scanning technology, 1t 1s pos-
sible to perform a combined analysis, on a per layer basis,
with respect to the structure of a sample surface 1in the same
level as afocus, and 1t 1s possible to qualitatively analyze three
dimensional structure and material of the sample by synthe-
s1zing the analysis results obtained from the respective layers.
At this time, an 1nterval between the layers and a number of
layer may be manually determined 1n consideration of a prop-
erties of the sample, a depth of focus of a focusing device and
the like, or may be automatically determined by comparing
variations between the layers using a software.

When performing a surface diagnosis using the multilayer
scanning, a position at which the magmtude of the amplitude
signal 1s largest 1s firstly found 1n the layer scanning result
using the fact that the magnitude of the amplitude signal 1s
largest when the focus 1s exactly laid on the surface. Next, the
positions having the same phase as the position at which the
magnitude of the amplitude signal 1s largest are connected to
obtain a contour line or a contour surface with respect to a
topography, and 1t 1s possible to obtain information with
respect to a reflectivity variation due to a heterogeneity of the
surface, etc. from the amplitude signal with respect to the
contour line or the contour surface. Also, since the positions
are always focused, 1t 1s possible to analyze the sample with
an optimal resolution of the focusing device at the positions.

As described above, the present invention utilizes constant
phase scanning method and multilayer scanning method to
the scanning microscope. According to the present invention,
true 1mages of the morphology and material inhomogeneity
of a surface can be obtained in reflection mode, while the
imaginary and real part of bulk medium can be obtained.
Moreover, m ambiguity 1n I/Q-1nterferometry can be removed
by using this new method. This new technology can be
applied for quantitative analysis of a hetero-structure such as
bio materials and devices, semiconductor materials and
devices, and so forth.

Having described a preferred embodiment of the present
invention, 1t 1s to be understood that variants and modifica-
tions thereof falling within the spirit of the mvention may
become apparent to those skilled in this art, and the scope of
this mvention 1s to be determined by appended claims and
their equivalents.

What 1s claimed 1s:

1. A scanning microscope using an I/Q-interferometer,

comprising;

an I/Q-1nterferometer, from which a probe beam 1s coupled
out, to which a reflected beam from a surface or trans-
mitted beam through a sample 1s coupled back, 1n which
I/Q-demodulation on interference signals are per-
formed, and by which I- and Q-signals are obtained;

an XY scanner scanning the sample in two directions per-
pendicular to a propagation direction of the probe beam;

a scanner driver actuating the XY scanner;

a precision motion stage controlling the displacement of
the sample along the direction parallel to the direction of
the probe beam;

a motion stage driver actuating the precision motion stage;
a Tocusing device focusing the probe beam from the 1/QQ
interferometer onto a surface or inside of the sample;

a collimating device collimating the probe beam reflected
from or transmitted through the sample; and
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a computer transferring control commends to the scanner
driver for moving XY scanner from one scanning point
to the next scanming point in a direction perpendicular to
the propagation direction of the probe beam, receiving,
storing, and processing the I- and Q-signals, demodulat-
ing phase and amplitude changes imnduced on the probe
beam,

wherein the computer measures phase change in each scan-
ning point, calculates an error signal for a feedback
control for a constant phase scanning, transfers com-
mends to the motion stage driver for the precision
motion stage to compensate for height changes during
the constant phase scanning, obtains true morphology of
the sample from the error signal, and obtains a map of
material inhomogeneity from amplitude measurements,

wherein the computer finds out a scanning point, at

which an amplitude signal 1s largest in the scanning
result, and connects scanning points which have the
same phase as the scanning point with largest amplitude
to obtain a contour line or a contour surface.

2. The scanning microscope as set forth 1n claim 1, wherein
the computer obtains material inhomogeneity by mapping
amplitude variations along the contour line or the contour
surface.

3. The scanning microscope as set forth in claim 1, wherein
the probe beam suflfers phase variation caused by topography
and amplitude vanation caused by material inhomogeneity
when scanning the surface of the sample.

4. A scanning microscope using an I/Q-interferometer,
comprising;

an I/Q-1nterferometer, from which a probe beam 1s coupled

out, to which a reflected beam from a surface or trans-
mitted beam through a sample 1s coupled back, in which
I/Q-demodulation on interference signals are per-
formed, and by which I- and Q-signals are obtained;
an XY scanner scanning the sample 1in two directions per-
pendicular to a propagation direction of the probe beam:;
a scanner driver actuating the XY scanner;
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a precision motion stage controlling a displacement of the
sample along a direction parallel to the propagation
direction of the probe beam:;

a motion stage driver actuating the precision motion stage;

a Tocusing device focusing the probe beam from the 1/QQ
interferometer onto a surface or iside of the sample;

a collimating device collimating the probe beam reflected
from or transmitted through the sample; and

a computer transferring control commends to the scanner
driver for moving the XY scanner from one scanning
point to a next scanning point in a direction perpendicu-
lar to the propagation direction of the probe beam,
receiving, storing, and processing the I- and Q-signals,
demodulating phase and amplitude changes induced on
the probe beam, to complete XY scanning procedure in
one layer of the sample;

wherein, after the completion of the XY scanning in one
layer of the sample, the computer transiers commends to
the motion stage driver for the precision motion stage to
move the sample by a prescribed distance 1n a direction
parallel to the propagation direction of the probe beam,
performs XY scanning for the new layer of the sample,
and continues atorementioned layer by layer scanning,
procedure up to a prescribed number of layers, wherein
the computer finds out a scanning point, at which an
amplitude signal 1s largest 1n the scanming result, and
connects scanmng points which have the same phase as
the scanning point with largest amplitude to obtain a
contour line or a contour surface.

5. The scanning microscope as set forth 1n claim 4, wherein
the computer obtains material inhomogeneity by mapping
amplitude variations along the contour line or the contour
surface.

6. The scanning microscope as set forth 1n claim 4, wherein
the probe beam sutiers phase variation caused by topography
and amplitude variation caused by material inhomogeneity
when scanning the surface of the sample.
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